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(57) ABSTRACT 

A Wireless transmission apparatus and a Wireless transmis 
sion method capable of performing simple transmission 
control are provided. As an information transmission ?oW 
control method, instead of reporting vacant-buffer informa 
tion from a receiving destination apparatus, an information 
transmission-source apparatus permits the transmission of a 
packet up to a predetermined transmission WindoW siZe from 
the packet for Which acknowledgement has not been 
received from an information receiving destination, and the 
transmission of a packet exceeding that transmission Win 
doW siZe is inhibited. As a result, if the packet is Within that 
transmission WindoW siZe, even if the information receiving 
destination has not con?rmed the reception of the ACK 
information, the packet is transmitted unconditionally. Fur 
thermore, a transmission pointer and an ACK receiving 
pointer are provided, and even if acknowledgement is not 
received, control is performed using that transmission Win 
doW siZe in Which transmission is possible. 
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WIRELESS TRANSMISSION APPARATUS AND 
WIRELESS TRANSMISSION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a wireless trans 
mission apparatus and a wireless transmission method for 
transmitting various types of information using, for 
example, a wireless signal, among a plurality of communi 
cation terminals. 

[0003] 2. Description of the Related Art 

[0004] As a conventional asynchronous wireless transmis 
sion method, a wireless transmission method in which 
information transmitted from a high-order layer is buffered 
and this information is transmitted when an access control 
right can be acquired within a predetermined time has been 
generally used. 

[0005] Furthermore, in the conventional asynchronous 
wireless transmission method, since information transmitted 
from a high-order layer need only be transmitted wirelessly 
in a short time, when a request for transmitting new infor 
mation is received continuously from the high-order layer, a 
control method in which the new information is discarded 
has been generally used. 

[0006] That is, if acknowledgement (ACK) information is 
not returned from the information receiving destination, a 
control method in which an error display is instantly made 
and the fact that transmission is impossible is returned to the 
high-order layer has been used. Furthermore, when an error 
occurs, a control method in which operation such as retrans 
mission is performed according to the determination by the 
high-order layer has been conceived. 

[0007] As a conventional ?ow control method using a 
sequence window, a window control method in which infor 
mation concerning the siZe of a buffer area present in the 
receiving destination is ?rst reported to the information 
transmission destination, and the information transmission 
source refrains from transmitting information exceeding this 
siZe has been used. 

[0008] Furthermore, in a case where certain information is 
to be transmitted wirelessly, a method in which that infor 
mation is divided into packets with a predetermined frag 
ment siZe and the packets are transmitted has been generally 
used. This method of transmitting packets is widely used in 
wireless transmission lines. 

[0009] In addition, recently, a method has been conceived 
in which, at the information transmission source, the infor 
mation to be transmitted is divided into packets of a prede 
termined siZe, these packets are transmitted wirelessly, these 
packets are collected, and then the original information is 
restored in the information receiving destination. 

[0010] This method has been considered for use in com 
bination with a selection-repeat-resend (SR)-type automatic 
resend request (ARG) method, in which information on 
packets which were successfully received by the information 
receiving destination is transmitted as acknowledgement 
information to the information transmission source and in 
which only the packet which has not been received is 
selected and retransmitted from the information transmis 
sion source. 
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[0011] When the conventional selection-repeat-resend 
type automatic resend request method is used, by returning 
the acknowledgement information collectively to a certain 
degree, retransmission control in packet units can be easily 
performed. Therefore, by decreasing the number of packets 
indicating the amount of information ?owing through a 
wireless transmission line, the information traf?c during 
retransmission can be decreased. 

[0012] As a result, information traf?c during retransmis 
sion can be reduced as a retransmission control method of 
packet transmission, and transmission suitable for a wireless 
transmission line having a high transmission error rate can 
be performed. 

[0013] Such a conventional wireless transmission method 
is designed on the premise that, after information is trans 
mitted, the reception is acknowledged immediately by the 
information receiving destination. Therefore, there is a prob 
lem in that, when asynchronous information having different 
destinations is transmitted wirelessly in a case where a 
plurality of devices is connected to a wireless transmission 
apparatus, each transmission must be handled by a different 
process. 

[0014] In a conventional transmission sequence, there is a 
problem in that the transmission of the neXt asynchronous 
information cannot be performed until the transmission of 
one piece of asynchronous information which is received 
from the high-order layer is completed. As a result, in the 
transmission apparatus of the information transmission 
source, there is the problem of having to provide a redundant 
buffer area for storing data which cannot be sent to make that 
information effective in order to be able to deal with a case 
in which an asynchronous information request occurs con 
tinuously from the high-order layer. 

[0015] Furthermore, in the method for performing wire 
less transmission to a plurality of destinations by using a 
conventional method, regarding the setting of various types 
of parameters, such as the management of a sequence 
number for performing retransmission control, there is also 
the problem of having to perform the setting individually 
according to the number of destinations. 

[0016] Furthermore, the conventional transmission ?ow 
control method using a window is a control method which 
is mainly suitable for wired transmission lines in which a 
two-way link is reliably established and is suitable for 
line-switched-type information transmission lines, and there 
is a problem in that it is difficult to use the method for 
wireless transmission lines in which instability of the two 
way link is permitted and for packet-switched-type wireless 
transmission lines. This problem occurs because no method 
for reliably transmitting the siZe of the buffer area present in 
the receiving destination device to a device which is an 
information transmission source has been provided. 

[0017] Furthermore, in a case where the conventional 
selection-repeat-resend-type automatic resend request 
method is used, there is a problem in that, since the infor 
mation transmission source determines whether the packet is 
information which is not received on the basis of the 
acknowledgement (ACK) information returned from the 
information receiving destination, a memory space corre 
sponding to a bit map of a series of sequence numbers is 
required to identify which sequence number corresponds to 
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a packet which has been transmitted and for which the 
acknowledgement (ACK) information has not been 
received. 

[0018] In addition, in a case where sequence numbers are 
managed individually for each destination as in the conven 
tional method, a different parameter for each receiving 
destination station must be provided according to the num 
ber of stations for which connection is assumed, and there is 
a problem in that a large memory area is required to manage 
these sequences. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made in view of 
such a situation. An object of the present invention is to 
provide a wireless transmission apparatus and a wireless 
transmission method which are capable of performing 
simple transmission control. 

[0020] The wireless transmission method and the wireless 
transmission apparatus of the present invention are such 
that, in a transmission apparatus of an information trans 
mission source, when asynchronous information, received 
from a high-order layer, for different destinations, are to be 
transmitted wirelessly, the asynchronous information for 
different destinations is packetiZed with a predetermined 
fragment siZe and is buffered, so that the asynchronous 
information for a plurality of destinations can be handled by 
one process. 

[0021] Furthermore, the wireless transmission method of 
the present invention is such that, when a transmission 
apparatus of an information transmission source acquires a 
predetermined access control right in a wireless transmission 
line, the buffered packets are transmitted to the plurality of 
destinations. 

[0022] As a result, the information transmitted from the 
high-order layer is packetiZed in sequence in predetermined 
units, an individual sequence number is assigned to the 
packets, the packets are stored in the transmission buffer, 
and the packets are transmitted under the control of prede 
termined access control. 

[0023] Furthermore, in the wireless transmission method 
of the present invention, the most recent buffered packet is 
stored as the value of the buffer pointer, and when an 
asynchronous transmission request occurs continuously 
from a high-order layer, continuous information is pack 
etiZed by referring to this buffer pointer so that the sequence 
numbers do not overlap. 

[0024] As a result, in a case where sequence number 
control is performed, the most recently assigned sequence 
number is registered as a buffer pointer, and when informa 
tion is transmitted again from the high-order layer regardless 
of the fact that the information remains in the transmission 
buffer, the buffer pointer is read, and a sequence number is 
assigned for each packet without duplication. 

[0025] In the wireless transmission method of the present 
invention, packets up to a value indicated by a total 
sequence-number space for which acknowledgement infor 
mation is con?rmed from the receiving-destination trans 
mission apparatus minus one is stored in the transmission 
buffer. 
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[0026] As a result, it is possible to store information up to 
the number area of the value such that one is subtracted from 
the value indicated at the position of the ACK received 
pointer indicating the area in which the transmission has 
been completely terminated. 

[0027] Furthermore, in the wireless transmission method 
of the present invention, the sequence number of the infor 
mation which was successfully received by the information 
receiving destination is returned as acknowledgement 
(ACK) information to the information transmission source, 
and when information which has not yet been received from 
the information transmission source is retransmitted, the 
transmission apparatus of the information transmission 
source does not immediately retransmit all the information 
even if the acknowledgement (ACK) information from the 
information receiving destination is delayed; rather, it awaits 
the reception of the acknowledgement (ACK) information 
until a predetermined time has elapsed, and retransmits only 
the information for which the acknowledgement (ACK) 
information has not been received. 

[0028] As a result, in the selection-repeat-resend-type 
automatic resend request control, when ACK information is 
returned from the information receiving destination, it is 
possible to wait for the reception of ACK information until 
a predetermined time elapses after the information is trans 
mitted from the information transmission source. 

[0029] Furthermore, in the wireless transmission method 
of the present invention, as the information transmission 
?ow control method, instead of reporting the vacant-buffer 
information from the receiving destination apparatus, the 
information transmission-source apparatus permits the 
transmission of a packet up to a predetermined window siZe 
from the packet for which acknowledgement (ACK) infor 
mation has not been received from the information receiving 
destination and inhibits the transmission of the packet 
exceeding the window siZe. 

[0030] As a result, as the information transmission ?ow 
control, the window siZe of a predetermined sequence is 
provided, and, if the packet is within that window siZe, the 
packet can be transmitted unconditionally even if the infor 
mation receiving destination has not received the ACK 
information. 

[0031] In the selection-repeat-resend-type automatic 
resend request control, transmission information How con 
trol can be used. 

[0032] Furthermore, in the wireless transmission method 
of the present invention, as the control method, a transmis 
sion pointer and an ACK receiving pointer are provided, and 
control is performed by using a predetermined window siZe 
in which transmission is possible even if ACK is not 
received. 

[0033] In addition, in the wireless transmission method 
and the wireless transmission apparatus of the present inven 
tion, a low-order bit-map-space area which is an area two 
times as large as the predetermined window siZe, and a 
high-order-bit identi?cation pointer indicating the position 
in the total sequence-number space the low-order bit-map 
space area corresponds are used, and when the ACK receiv 
ing pointer eXceeds the ?rst half of the low-order bit-map 
space area, the high-order-bit identi?cation pointer is added, 
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and the second half of the low-order bit-map-space area used 
thus far is reused as a new ?rst half. 

[0034] With this arrangement, as a method of managing 
transmission sequences, a low-order bit-map-space area 
which is an area two times as large as an assumed window 
siZe, and a high-order-bit identi?cation pointer indicating 
the position in the total sequence-number space this area 
corresponds are provided, and these are reused, making it 
possible to easily realiZe sequence control. 

[0035] According to the wireless transmission apparatus 
and the wireless transmission method of the present inven 
tion, since information which is asynchronously transmitted 
by the transmission apparatus of the information transmis 
sion source is packetiZed in sequence at a predetermined 
fragment siZe and the packets are buffered, it is possible to 
obtain a wireless transmission apparatus and a wireless 
transmission method for use in wireless transmission lines in 
which asynchronous transmission cannot be performed 
instantly. Furthermore, since asynchronous information for a 
plurality of different destinations is packetiZed at a prede 
termined fragment siZe, by acquiring an access control right 
once, it is possible to obtain a wireless transmission method 
and a wireless transmission apparatus for transmitting a 
packet to a plurality of destinations. As a result, it is possible 
to more ef?ciently realiZe asynchronous transmission in 
wireless transmission lines in which it is difficult to acquire 
an access control right. 

[0036] According to the wireless transmission method of 
the present invention, since asynchronous information 
which is received from a high-order layer is packetiZed in 
sequence, it is not necessary to start a sequence number 
management process individually, and transmission control 
can be simpli?ed. As a result, the transmission apparatus of 
the information transmission source needs only to manage 
only one sequence-number space, and control can be sim 
pli?ed. 

[0037] According to the wireless transmission method of 
the present invention, information can be packetiZed up to a 
sequence number area in which one is subtracted from the 
value at the position of the ACK receiving pointer indicating 
the value of the acknowledgement (ACK) information, and 
the packets can be stored in the transmission buffer. There 
fore, even when the access control right cannot be passed to 
the transmission apparatus of the information transmission 
source, the buffering of the asynchronous information which 
is received from the high-order layer can be continuously 
performed for a long period of time. 

[0038] According to the wireless transmission method of 
the present invention, since only the packet for which 
acknowledgement (ACK) information has not been received 
until a predetermined time needs to be retransmitted, it is not 
necessary to perform wasteful information retransmission, 
and information traf?c in the wireless transmission line can 
be reduced. 

[0039] According to the wireless transmission method of 
the present invention, when there is information which has 
not been received is present in the acknowledgement (ACK) 
information from the transmission apparatus of the infor 
mation receiving destination or when the acknowledgement 
(ACK) information cannot be received, the transmission 
apparatus of the information transmission source permits the 
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transmission up to a predetermined window siZe from the 
oldest packet for which the acknowledgement (ACK) infor 
mation has not been received, and controls transmission 
exceeding the window siZe. As a result, even if information 
for window control is not received from the information 
receiving destination, transmission ?ow control for limiting 
the number of packets to be transmitted can be realiZed. As 
a result, even if the transmission apparatus of the informa 
tion transmission source has not detected the state of the 
transmission apparatus of the information receiving desti 
nation, transmission ?ow control based on the determination 
of the transmission apparatus of the information transmis 
sion source can be realiZed. 

[0040] According to the wireless transmission method of 
the present invention, in a case where this transmission ?ow 
control is used for automatic resend request control for 
retransmitting only the packet for which the acknowledge 
ment (ACK) information has not been received, when the 
connection with the transmission apparatus of the informa 
tion receiving destination is not established, the transmission 
apparatus of the information transmission source can inhibit 
wasteful information transmission. Furthermore, a transmis 
sion pointer and an ACK receiving pointer are provided, and 
control is performed using a predetermined window siZe in 
which transmission is possible even if the acknowledgement 
(ACK) information is not received, making it possible to 
ef?ciently realiZe selection-repeat-resend-type automatic 
resend request control. 

[0041] According to the wireless transmission method and 
the wireless transmission apparatus of the present invention, 
as a result of using a low-order bit-map-space area which is 
two times as large as the transmission window siZe, and a 
high-order bit identi?cation pointer for identifying the posi 
tion thereof, sequence number management in which the 
whole of the large sequence-number space needs not to be 
managed can be realiZed. That is, a packet for which 
acknowledgement (ACK) information has not been 
received, which is present within the transmission window 
siZe, can be con?rmed from within a small number of 
bit-map spaces. As a result, the management of sequence 
numbers can be simpli?ed, and sequence management 
appropriate for selection-repeat-resend-type automatic 
resend request control can be realiZed. 

[0042] According to the wireless transmission method of 
the present invention, when the ACK receiving pointer 
eXceeds the half of the bit-map space, the second half of the 
bitmap space is used as the ?rst half, and a new second half 
is provided, making it possible to repeatedly use the lowest 
number of bit-map spaces. As a result, a large sequence 
number space can be realiZed using only the least amount of 
necessary memory space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 shows an eXample of the con?guration of a 
wireless network according to an embodiment of the present 
invention; 
[0044] FIG. 2 is a block diagram showing an eXample of 
the construction of a wireless transmission apparatus; 

[0045] FIG. 3 shows an eXample of the structure of a 
wireless transmission frame; 

[0046] 
number; 

FIG. 4 shows an eXample of using a sequence 
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[0047] FIG. 5 shows an example of using a sequence 
number; 
[0048] FIG. 6 shows the relationships betWeen a 
sequence-number space and a WindoW; 

[0049] FIG. 7 shoWs a bit-map space Which is tWo times 
as large as the WindoW; 

[0050] FIG. 8 shoWs an example of a shifting of a bit-map 
space; 

[0051] FIG. 9 shoWs a process of packetiZing asynchro 
nous transmission information; 

[0052] FIG. 10 is a ?oWchart of a buffering process; 

[0053] FIG. 11 is a ?owchart of a packet transmission 
process; and 

[0054] FIG. 12 is a ?oWchart of a packet retransmission 
control process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] Embodiments of the present invention Will be 
described beloW. 

[0056] The Wireless transmission method of this embodi 
ment performs transmission ?oW control so that a predeter 
mined transmission WindoW siZe is determined in advance in 
the information transmission source, and if ACK informa 
tion is not returned from the information receiving destina 
tion, the transmission of information exceeding that Window 
siZe is not performed. Furthermore, this Wireless transmis 
sion method is also a sequence number management method 
using a selection-repeat-resend-type automatic resend 
request method. 

[0057] This embodiment Will be described beloW. FIG. 1 
shoWs an example of the con?guration of a Wireless netWork 
in Which the Wireless transmission method of this embodi 
ment is used. 

[0058] For example, as shoWn in FIG. 1, a camera 
integrated VTR 1 is connected by Wires to a Wireless 
transmission apparatus 11 through a cable, etc. Similarly, a 
personal computer 2 and a printer output device 3 are 
connected by Wires to a Wireless transmission apparatus 12 
through a cable, etc. Similarly, a VTR 4 is connected by 
Wires to a Wireless transmission apparatus 13 through a 
cable, etc. Similarly, a television receiver 8 and a game 
machine 6 are connected by Wires to a Wireless transmission 
apparatus 14 through a cable, etc. Similarly, a set top box 7 
and a telephone device 8 are connected by Wires to a 
Wireless transmission apparatus 15 through a cable, etc. 

[0059] In this manner, each device is connected to each 
Wireless transmission apparatus, and the Wireless transmis 
sion apparatuses form a netWork 10. 

[0060] Here, the Wireless transmission apparatuses 11 to 
15 are associated as communication stations #1 to #5, 
respectively, and a state in Which a Wireless netWork is 
formed is shoWn. 

[0061] Since the Wireless transmission apparatus 13 exists 
in the center of the netWork 10 and can communicate With 
all the other communication apparatuses, the Wireless trans 
mission apparatus 13 becomes a control station of the 
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netWork 10 for the sake of convenience, de?nes the frame 
period, sends a predetermined access control signal, and 
manages bandWidth reservation information, so that the 
other Wireless transmission apparatuses 11, 12, 14, and 15 
become communication stations. 

[0062] FIG. 2 shoWs an example of the construction of the 
Wireless transmission apparatuses 11 to 15 Which form each 
communication station. 

[0063] Here, the Wireless transmission apparatuses 11 to 
15 are basically constructed to be common and comprise an 
antenna 21 for performing transmission and reception, and 
a Wireless transmission processing section 22 for performing 
a Wireless transmission process and a Wireless receiving 
process, so that Wireless transmission With the other trans 
mission apparatuses can be performed. 

[0064] In this case, for a transmission method in Which 
transmission and reception are performed by the Wireless 
transmission processing section 22 of this embodiment, for 
example, a transmission method using a multi-carrier signal, 
called an “OFDM (Orthogonal Frequency Division Multi 
plex” is used, and for a frequency used for transmission and 
reception, for example, a very high frequency band (for 
example, 5 GHZ band) is used. 

[0065] In the case of this example, for the transmission 
output, a relatively Weak output is set, so that, When, for 
example, used indoors, an output of such a degree that 
Wireless transmission for a relatively short distance from 
several meters to several tens of meters can be performed is 
assumed, and the construction may be adjusted as necessary. 

[0066] The Wireless transmission processing section 22 
has functions of detecting a speci?c frequency carrier on 
Wireless transmission lines and detecting a synchroniZation 
signal, so that, When this synchroniZation signal is received, 
the information portion folloWing the synchroniZation signal 
is received. 

[0067] Furthermore, a receiving control processing sec 
tion 23B for performing a receiving/decoding process of 
various types of transmission information on the signal 
received by the Wireless transmission processing section 22, 
and a transmission buffer 23A for storing information trans 
mitted by the Wireless transmission processing section 22 
are provided. 

[0068] Furthermore, an information conversion process 
ing section 24 for converting packet data received by the 
receiving control processing section 23B into asynchronous 
information, for performing data conversion into packet 
data, and for storing the data in the transmission buffer 23A 
so that the asynchronous information is transmitted by the 
Wireless transmission processing section 22 is provided. 

[0069] In addition, the data converted by the information 
conversion processing section 24 is supplied to a connected 
device 29 via an interface section 25, and the data supplied 
from the connected device 29 is supplied to the information 
conversion processing section 24 via the interface section 
25, so that a conversion process can be performed. 

[0070] Here, as an external interface of the interface 
section 25 of the Wireless transmission apparatus, for 
example, audio and video information, or various types of 
data information, can be transmitted to and received from 
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the connected device 29 through a high-speed serial bus 28 
such as an IEEE 1394 format. 

[0071] Alternatively, these Wireless transmission appara 
tuses may be incorporated inside the main unit of the 
connected device 29. 

[0072] Furthermore, each section inside each Wireless 
transmission apparatus performs a process under the control 
of a control section 26 formed of a microcomputer, etc. 

[0073] In addition, an internal memory 27 is connected to 
the control section 26 so that information on the method for 
using the Wireless netWork and the Wireless transmission 
line, such as data required for communication control, the 
number of communication stations forming the netWork, 
bandWidth reservation information, etc., is temporarily 
stored in the internal memory 27. 

[0074] FIG. 3 shoWs an eXample of the structure of a 
Wireless transmission frame according to this embodiment. 
Here, although a frame is de?ned for the sake of conve 
nience, it is not alWays necessary to take such a frame 
structure. FIG. 3 shoWs that, in a Wireless transmission line 
30, a transmission frame Which arrives for each ?xed 
transmission frame period 31 is de?ned, and a management 
information transmission area 32 and an information trans 
mission area 33 are provided therein. 

[0075] At the start of this frame, a doWnWard management 
information transmission interval 34 (frame start for 
reporting frame synchroniZation and netWork common 
information is placed, and is folloWed by a time information 
correction transmission interval 35 (cycle report (CR)) as 
necessary, and furthermore, a station synchroniZation signal 
transmission/receiving interval 36 (station sync (SS)) is 
placed. 
[0076] The doWnWard management information transmis 
sion interval (FS) is used to transmit information Which must 
be shared in the netWork from the control station, and is 
composed of a ?xed-length area and a variable-length area. 

[0077] In the ?xed-length area, in order to specify the 
length of the variable-length area, the number of commu 
nication stations transmitted in the station synchroniZation 
signal transmission/receiving interval (SS) is speci?ed, and 
the number of bandWidth reservation transmission areas 
(RSV) is speci?ed. In the variable-length area, the commu 
nication station transmitted in the station synchroniZation 
signal transmission/receiving interval (SS) is speci?ed, and 
the bandWidth reservation transmission areas (RSV) is 
speci?ed. 
[0078] This station synchroniZation signal transmission/ 
receiving interval (SS) has a predetermined length, and a 
transmitting communication station is assigned at a certain 
degree of period to each communication station Which is a 
constituent of the netWork on the basis of the doWnWard 
management information. 

[0079] For eXample, the connection link state With the 
communication station Which is present around the station of 
its oWn can be con?rmed by receiving all eXcept for the 
transmission portion of the station of its oWn Within this 
station synchroniZation signal transmission/receiving inter 
val (SS). 
[0080] Furthermore, by reporting this connection link state 
into the information transmitted neXt by the station of its 
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oWn in the station synchroniZation signal transmission/ 
receiving interval (SS), it is possible for each communica 
tion station to con?rm the connection state of the netWork. 

[0081] The information transmission area 33 is composed 
of a bandWidth reservation transmission areas (RSV) 37 
Which is set as necessary, a asynchronous transmission area 
(Asynchronous (ASY)) 38 for centraliZed management 
Where the control station performs transmission control, and 
a unused area (Not Using Area (NUA)) 39 Where the control 
station does not perform transmission control and use is 
alloWed by another netWork system. 

[0082] That is, if the bandWidth reservation transmission 
area (RSV) and the unused area (NUA) are not necessary, 
the Whole of the information transmission area 33 can be 
transmitted as the asynchronous transmission area (ASY) 38 
for centraliZed management. 

[0083] As a result of adopting such a frame structure, 
preferably, in the bandWidth reservation transmission area 
(RSV) 37, isochronous transmission de?ned by, for 
eXample, the IEEE 1394 format, can be performed, and in 
the asynchronous transmission area (ASY) 38, asynchro 
nous transmission can be performed. 

[0084] The operation of the Wireless transmission appa 
ratus constructed as described above Will be described 
beloW. 

[0085] FIG. 4 shoWs an example of using a sequence 
number according to this embodiment. In FIG. 4, the outside 
circle represents a sequence-number space (0000 to 3FFF) 
41, and in this space, a buffer pointer 44, a transmission 
pointer 43, an ACK receiving pointer 42, and a fan-shaped 
transmission WindoW (0000 to 0FFF) 45 are provided as 
three pointers used for sequence control. 

[0086] Here, a state in Which the buffer pointer 44 can 
eXist earlier than the transmission pointer 43 is shoWn, in 
Which the ACK receiving pointer 42 is at “0000” and ACK 
has not been received. 

[0087] Furthermore, a state in Which the buffer pointer 44 
makes it possible to buffer packets up to the ACK receiving 
pointer 42 minus one is shoWn. 

[0088] Furthermore, the transmission pointer 43 shoWs 
that information transmission up to the buffer pointer 44 
Within a transmission WindoW siZe 45 is possible. 

[0089] FIG. 5 shoWs an eXample of a state in Which a 
method of using a sequence number according to this 
embodiment is used. 

[0090] In FIG. 5, a situation in Which, as an ACK receiv 
ing pointer 52 is moved to “1000”, a fan-shaped transmis 
sion WindoW siZe (1000 to 1FFF) 55 is shifted is shoWn. 

[0091] Furthermore, When a buffer pointer 54 is outside 
the transmission WindoW siZe 55, a situation in Which only 
the packet up to the transmission WindoW siZe (1FFF) 55 can 
be transmitted is shoWn. 

[0092] HoWever, since the buffer pointer 54 makes it 
possible to buffer packets up to the ACK receiving pointer 
52 minus one, a transmission method in Which asynchronous 
transmission information requested from the high-order 
layer need not be immediately discarded can be obtained. 
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[0093] FIGS. 6 to 8 show a method for managing sequence 
numbers inside the transmission apparatus according to this 
embodiment and a method for identifying a sequence 
number space. 

[0094] FIG. 6 shoWs the relationships betWeen a 
sequence-number space and a WindoW. FIG. 6 shoWs an 
example in Which 16384 values from “0000” to “3FFF” are 
provided as a sequence-number space 61, and 1024 spaces 
from “0000” to “03FF” are speci?ed as a transmission 
WindoW siZe 62 among the values. 

[0095] FIG. 7 shoWs a bit-map space Which is tWo times 
as large as the WindoW. FIG. 7 shoWs that, When a sequence 
number space is used Within the transmission apparatus 
according to this embodiment, a space Which is tWo times as 
large as the transmission WindoW siZe is provided as a 
loW-order bit-map space 72 for the purpose of managing 
sequence numbers. Here, an eXample in Which 2048 spaces 
from “0000” to “07FF” are provided as a bit-map space is 
shoWn. 

[0096] Furthermore, an eXample in Which a high-order-bit 
identi?cation 71 is provided to indicate the position in the 
total sequence-number space the bit-map space represents is 
shoWn. 

[0097] That is, 2048 bit-map spaces can be represented as 
16 types of identi?ers (4-bit information). Furthermore, the 
bit-map spaces are managed by being divided into 1024 
spaces of the ?rst half from “0000” to “03FF” and 1024 
spaces of the second half from “0400” to “07FF”. 

[0098] FIG. 8 shows an example of a shifting of a bit-map 
space. FIG. 8 shoWs an eXample in Which a packet is 
transmitted and When the ACK receiving pointer eXceeds 
“03FF” Which is the end position of the ?rst half, an 
operation of shifting the bit-map space is performed. 

[0099] This shoWs that, as a result of adding 1 to a 
high-order-bit identi?cation 81 as indicated by reference 
numeral 81, the area indicated by the solid line becomes 
effective from the area indicated by the dotted line in the 
?gure. That is, as a result of shifting the second half to the 
?rst half as indicated by reference numeral 82, the ?rst half 
from “0400” to “07FF” and the second half from “0800” to 
“OBFF” are formed as a neW bit-map space. 

[0100] In this case, the earlier second half from “0400” to 
“07FF” is used continuously as a neW ?rst half, and the 
earlier ?rst half from “0000” to “03FF” Which is reset to Zero 
is reused as a neW second half, making it possible to reuse 
the bit-map spaces With only simple sWitching control 
Without using a bit-shifting operation. 

[0101] FIG. 9 shoWs a process of packetiZing asynchro 
nous transmission information When a packet Which is 
Wirelessly transmitted is to be formed. 

[0102] The upper portion in the ?gure is made to be 
asynchronous transmission information 91 transmitted to the 
interface section 25 from the connected device 29 shoWn in 
FIG. 2 through the high-speed serial bus 28. As shoWn in 
FIG. 9, in order to transmit the asynchronous transmission 
information 91, this information is divided into packets 93 
from sequence numbers SN91 to SN96 at a predetermined 
fragment siZe 92 shoWn in the loWer portion in the ?gure. 

[0103] Here, in order for information Which is less than 
one packet like the end packet of sequence number SN96 to 
be formed as one packet, null data 94 is added as padding. 

Oct. 10, 2002 

[0104] Furthermore, sequence numbers SN91 to SN96 are 
set in sequence in the fragmented packets 93 according to 
the value of the buffer pointer, and the packet is buffered in 
the transmission buffer 23A shoWn in FIG. 2. 

[0105] FIG. 10 is a ?oWchart of a buffering process. FIG. 
10 shoWs a buffering process in the information conversion 
processing section 24 shoWn in FIG. 2. 

[0106] Initially, in step S101, it is determined Whether or 
not an asynchronous transmission request is received from 
the interface section 25. When it is determined in step S101 
that an asynchronous transmission request is received, in 
step S102, the information is divided into packets at a 
predetermined fragment siZe. When the information is less 
than a predetermined fragment siZe, it is handled as one 
packet. 

[0107] In step S103, the value of the buffer pointer is 
obtained. Furthermore, in step S104, the ACK receiving 
pointer information is obtained. In step S105, the difference 
betWeen these values is computed to determine Whether or 
not buffering is possible. 

[0108] When it is determined in step S105 that buffering 
is possible, in step S106, the buffer pointer is added. In step 
S107, the value of the buffer pointer is set as the sequence 
number of the corresponding packet, and the buffering 
process is terminated. 

[0109] When it is determined in step S105 that buffering 
is not possible, in step S108, the fact that buffering is not 
possible is reported to the high-order layer via the interface 
section 25, and the process eXits. 

[0110] FIG. 11 is a ?oWchart of a packet-transmission 
process. FIG. 11 shoWs a packet transmission process of the 
transmission buffer 23A connected to the Wireless transmis 
sion processing section 22 shoWn in FIG. 2. 

[0111] Initially, in step S111, it is determined Whether or 
not an access control right on the Wireless transmission line 
is acquired. 

[0112] When it is determined in step S111 that the access 
control right is acquired, in step S112, the value of the 
transmission pointer is obtained, and in step S113, it is 
determined Whether a packet is present or absent. 

[0113] When it is determined in step S113 that the packet 
is present, in step S114, ACK receiving pointer information 
is obtained. Then, in step S115, it is determined Whether or 
not there is data Within the transmission WindoW. 

[0114] When it is determined in step S115 that there is data 
Within the transmission WindoW, in step S116, a packet 
transmission process is performed. In step S117, the trans 
mission pointer is added, and in step S118, a transmitted bit 
map is set, and the transmission process is terminated. 

[0115] When it is determined in step S113 that a packet is 
not present or When there is no data Within the transmission 
WindoW in step S115, the process eXits. 

[0116] FIG. 12 is a ?oWchart of a process during packet 
retransmission control. FIG. 12 shoWs the sequence of the 
retransmission control process in the information conversion 
processing section 24 connected to the receiving control 
processing section 23B shoWn in FIG. 2. 



US 2002/0146037 A1 

[0117] Initially, in step S121, it is determined whether or 
not ACK information is received. When it is determined in 
step S121 that the ACK information is received, in step 
S122, the transmission-complete bit of the transmitted bit 
map is reset. 

[0118] Furthermore, in step S123, the ACK receiving 
pointer is obtained, and in step S124, it is determined 
whether or not the ACK information of the end packet is 
received. When it is determined in step S124 that the ACK 
information of the end packet is received, in step S125, the 
value of the ACK receiving pointer is updated. When it is 
determined in step S124 that the ACK information of the end 
packet is not received, the process exits. 

[0119] Furthermore, in step S126, it is determined whether 
or not the bit-map spaces must be switched. When it is 
determined in step S126 that the bit-map spaces must be 
switched, in step S127, the high-order-bit identi?cation is 
added. In step S128, the second half of the low-order bit map 
is set as a new ?rst half, and the series of processes exits. 

[0120] When it is determined in step S121 that the ACK 
information is not received, in step S129, it is determined 
whether or not a predetermined ACK waiting time has 
elapsed. When it is determined in step S129 that the prede 
termined ACK waiting time has elapsed after the packet is 
transmitted, in step S130, the transmitted bit-map informa 
tion is obtained, and in step S131, it is determined whether 
or not a maximum number of times of retransmission is 
exceeded. When it is determined in step S131 that the 
maximum number of times of retransmission is not 
exceeded, in step S132, the packet for which ACK has not 
been received is retransmitted. 

[0121] When it is determined in step S131 that the maxi 
mum number of times of retransmission is exceeded, in step 
S133, the fact that transmission was not possible is reported 
to the high-order layer, and in step S134, the transmission 
complete of the transmitted bit map is reset. Then, in step 
S135, the ACK receiving pointer is updated. 

[0122] In the above-described embodiments, examples in 
transmission ?ow control are described. However, the 
present invention is not limited to these examples, and may 
be applied to another transmission control. 

What is claimed is: 

1. A wireless transmission method for transmitting pack 
ets of asynchronous information to a wireless transmission 
apparatus of an information transmission destination from a 
wireless transmission apparatus of an information transmis 
sion source in a wireless network formed using a plurality of 
transmission apparatuses which are communication stations, 
said wireless transmission method comprising the steps of: 

in said wireless transmission apparatus of the information 
transmission source, 

dividing information to be transmitted from a high-order 
layer into packets in sequence at a predetermined 
fragment siZe when the information is received; 

adding a sequence number for each of said packets and 
buffering the packets in a transmission buffer; and 
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transmitting said packetiZed information to said wireless 
transmission apparatus of the information transmission 
destination under the control of predetermined access 
control. 

2. A wireless transmission method according to claim 1, 
further comprising: 

writing the most recent sequence number buffered in said 
transmission buffer in a buffer pointer; and 

adding a sequence number starting from the value of said 
buffer pointer when asynchronous information is next 
packetiZed. 

3. A wireless transmission method according to claim 1, 
further comprising: 

writing said buffered sequence number in the buffer 
pointer; and 

storing packets up to a value indicated by a total 
sequence-number space for the packet for which 
acknowledgement information is received from said 
wireless transmission apparatus of the information 
transmission destination minus one when asynchronous 
information is next packetiZed. 

4. A wireless transmission method for transmitting pack 
ets of asynchronous information to a wireless transmission 
apparatus of an information transmission destination from a 
wireless transmission apparatus of an information transmis 
sion source, returning acknowledgement information of the 
received packets to said wireless transmission apparatus of 
the information transmission source from said wireless 
transmission apparatus of the information transmission des 
tination after the information is transmitted, and terminating 
the transmission of the information to said wireless trans 
mission apparatus of the information transmission destina 
tion from said wireless transmission apparatus of the infor 
mation transmission source in a wireless network formed 
using a plurality of transmission apparatuses which are 
communication stations, said wireless transmission method 
comprising the step of: 

in said wireless transmission apparatus of the information 
transmission source, 

waiting for acknowledgement information to be received 
from said wireless transmission apparatus of the infor 
mation transmission destination until a predetermined 
time elapses after the information is transmitted from 
said wireless transmission apparatus of the information 
transmission source. 

5. A wireless transmission method for transmitting pack 
ets of asynchronous information to a wireless transmission 
apparatus of an information transmission destination from a 
wireless transmission apparatus of an information transmis 
sion source in a wireless network formed using a plurality of 
transmission apparatuses which are communication stations, 
said wireless transmission method comprising the steps of: 

in said wireless transmission apparatus of the information 
transmission source, 

providing a predetermined transmission window siZe; and 

transmitting a packet if said packet is within said window 
siZe even if the reception of acknowledgement infor 
mation from said wireless transmission apparatus of the 
information transmission destination is not con?rmed, 
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said steps performing transmission control during infor 
mation transmission. 

6. A wireless transmission method according to claim 5, 
wherein said transmission control during information trans 
mission is used for selection-repeat-resend-type automatic 
resend request control in which information on a packet 
which could be received from said wireless transmission 
apparatus of the information transmission destination is 
transmitted as acknowledgement information to said wire 
less transmission apparatus of the information transmission 
source, and only a packet which has not been received is 
selected and retransmitted from said wireless transmission 
apparatus of the information transmission source. 

7. Awireless transmission method using selection-repeat 
resend-type automatic resend request control in which infor 
mation on a packet which could be received from said 
wireless transmission apparatus of the information transmis 
sion destination is transmitted as acknowledgement infor 
mation to said wireless transmission apparatus of the infor 
mation transmission source, and only a packet which has not 
been received is selected and retransmitted from said wire 
less transmission apparatus of the information transmission 
source in a wireless network formed using a plurality of 
transmission apparatuses which are communication stations, 
said wireless transmission apparatus comprising: 

in said wireless transmission apparatus of the information 
transmission source, 

providing a predetermined transmission window siZe; 

using a low-order bit-map-space area which is two times 
as large as said window siZe, and a high-order-bit 
identi?cation pointer for indicating the position in the 
total sequence-number space to which said low-order 
bit-map-space area corresponds; and 

virtually performing transmission control in the total 
sequence-number space by repeatedly reusing said 
low-order bit-map-space area and said high-order-bit 
identi?cation pointer, 

said steps performing transmission control during infor 
mation transmission. 

8. Awireless transmission apparatus for performing trans 
mission of asynchronous information under the control of 
predetermined access control in a wireless network formed 
using a plurality of transmission apparatuses which are 
communication stations, said wireless transmission appara 
tus comprising: 
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packetiZing means for packetiZing asynchronous informa 
tion in predetermined information units on said wire 
less network; 

buffering means for buffering said packets in a transmis 
sion buffer; 

sequence number assigning means for assigning a 
sequence number for each of said packets; 

storage means for storing the most recent sequence num 
ber buffered in said buffering means as a buffer pointer; 
and 

sequence number adding means for reading the value of 
said buffer pointer and adding a sequence number when 
asynchronous information is neXt buffered. 

9. A wireless transmission apparatus for transmitting 
information in a wireless network formed using a plurality 
of transmission apparatuses which are communication sta 
tions using selection-repeat-resend-type automatic resend 
request control in which information on a packet which 
could be received by a wireless transmission apparatus of an 
information transmission destination is transmitted as 
acknowledgement information to a wireless transmission 
apparatus of an information transmission source, and only 
the packet which has not been received is selected and 
retransmitted from said wireless transmission apparatus of 
the information transmission source, said wireless transmis 
sion apparatus comprising: 

in said wireless transmission apparatus of the information 
transmission source, 

window siZe setting means for providing a predetermined 
transmission window siZe; 

low-order bit-map-space area setting means for setting an 
area which is two times as large as said window siZe; 
and 

high-order-bit identi?cation pointer setting means for 
indicating the position in the total sequence-number 
space to which said low-order bit-map-space area cor 
responds, 

wherein transmission control in the bit-map spaces of the 
total sequence-number space is virtually performed by 
repeatedly reusing said low-order bit-map-space area 
and said high-order-bit identi?cation pointer. 


